Professional development, at all levels, is focused on improving performance across a broad range of skills. As a result, this universe of skills needs to be systematically categorized and labeled to provide the structure for professional development. A common approach for this categorization is to group skills into competencies. Competencies are combinations of knowledge, skills, abilities, and other individual characteristics that can be reliably measured to differentiate performance [1] . Defining and describing professional competencies is one of the central tasks to creating an effective professional development strategy or framework. In engineering education, a common practice is to draw these competencies from the accreditation framework adopted by ABET. Competencies defined from these sources are certainly valid for engineering programs, but tend to focus on the technical skills of graduates. This focus is understandable, considering that engineers must be first, and foremost, technically competent, but this focus overlooks other professional skill sets.
Professional Competencies with Behaviorally Anchored Ratings for Graduate Students
Professional development, at all levels, is focused on improving performance across a broad range of skills. As a result, this universe of skills needs to be systematically categorized and labeled to provide the structure for professional development. A common approach for this categorization is to group skills into competencies. Competencies are combinations of knowledge, skills, abilities, and other individual characteristics that can be reliably measured to differentiate performance [1] . Defining and describing professional competencies is one of the central tasks to creating an effective professional development strategy or framework. In engineering education, a common practice is to draw these competencies from the accreditation framework adopted by ABET. Competencies defined from these sources are certainly valid for engineering programs, but tend to focus on the technical skills of graduates. This focus is understandable, considering that engineers must be first, and foremost, technically competent, but this focus overlooks other professional skill sets.
In this paper, the development and initial validation of a set of professional competencies and related behavioral anchors is described. These proposed competencies are intended to complement the technical competencies from more traditional sources and are formulated as a part of a National Science Foundation-supported research project focused on the professional development of graduate students. The University of Tulsa Professional Competency (TUPC) model presented here is informed by existing frameworks that have been used in the organizational psychology and leadership literatures. As such, these professional development areas include skills that are more commonly aligned with other disciplines, especially those in business and management. However, as many engineers ultimately aspire to take on leadership roles within their organizations, these skills are vital to their development. The competency model described in this paper is intended to work in tandem with the traditional technical competencies expected in graduate-level engineers.
In the present paper, we present our proposed competency model and discuss the process by which the individual competency areas and definitions were determined. After discussing this model, the behavioral anchors associated with each competency are discussed and preliminary validation of the anchors is presented. Finally, we discuss the usage of this material in the context of a professional development program.
Competency Model
The authors' ongoing NRT-IGE project required the development of a set of professional competencies that parallel and complement the technical content of graduate engineering education. Unlike most accreditation-based competencies, a set of behavioral anchors was also formulated to define performance levels. Behavioral anchors were classed into three categories: development opportunity, average performer, and area of strength. The competency model development approach was to first identify critical areas for graduate student development. An initial list was created that grouped potential competencies in three areas, shown in Table 1 . Competencies in this list were drawn from work on developmental assessment centers for managers [2, 3] , with input from the faculties in the different engineering disciplines at the University of Tulsa, as well as their Industrial Advisory Boards. 
Ethical Reasoning
The individual competencies shown in Table 1 were grouped into three broad categories: technical, communication, and cultural. Technical competencies are the non-knowledge-based skills that are critical for supporting the basic technical development of a graduate student. These include the ability to seek information when confronted with a new situation or problems. The ability to plan and organize, especially when taking on new tasks or expanding outside a student's or engineer's current level of technical competency. Finally, the ability to solve problems is important in both the technical and non-technical aspects of a graduate degreeholding engineer.
The communication competencies include oral communication, leadership, and conflict management. Oral communication competencies are usually addressed through formal and informal presentations when graduate students present at conferences and routine research meetings. Leadership and conflict management are, at best, addressed informally through interstudent interactions and an occasional assignment to a mentoring role for undergraduates.
Cultural competencies are also occasionally included in a formal engineering curriculum. Specifically, teamwork and ethical reasoning are frequently addressed by the inclusion of team projects and through direct ethics instruction. The remaining two competencies of cultural adaptability and fairness are generally not directly addressed in formal or informal settings. While these competencies are not always part of formal graduate engineering education, the knowledge, skills, and attitudes needed to work effectively in a diverse work environment are becoming central to success. Engineering has historically been predominantly male, which has made the professional and education system vulnerable to practices that are unwelcoming to underrepresented groups, especially women. A focus in the development of this competency model was to include competencies related to professional behavior that creates an open and inclusive environment for everyone.
Based on the preliminary competencies in Table 1 , a draft of competencies and definitions were created. The definitions were drawn from experience and existing definitions, such as the list in Thornton, Hanson, and Rupp [4] , and the proposed competencies and definitions were provided to three engineering faculties for comment. Electrical Engineering does not have a PhD program and Computer Engineering was established only a year ago. Due to these considerations, these programs were not included in the initial discussion. However, since the completion of the draft competency structure these departments are participating in the NRT-IGE project.
Suggestions from the faulty were accommodated by modifying the competency definitions to emphasize specific traits. No additional competencies were added based on the comments from the faculty. After faculty comments were incorporated into the competency definitions, the list was disseminated to the advisory boards of the respective departments. Comments from these boards were uniformly positive and no significant additions were made as a result of this request for comment. The finalized list of competencies is shown in Table 2 These competencies were broadly similar to our initial list shown in Table 1 , but combined some of the competencies together and reflects specific emphases in graduate engineering education.
Behaviorally Anchored Rating Scale
While the competency model described above is the core structure of the assessment protocol, there is a distinct need to create a framework for students, advisors, and peers to provide more specific, behavioral feedback. Behaviorally anchored rating scales (BARS) were adopted in the current study to rate performance. Typically, BARS are presented as a scale with several points and the rater chooses a level to indicate an individual's current performance. One of the critical aspects of BARS are narratives, or examples to illustrate varying levels of performance at each rating [5] . By including specific markers of behaviors along with the numerical ratings, BARS can be less subjective or biased when compared to pure numeric ratings. The use of specific examples and multiple increments allows for more structured rating decisions [6] . As part of our competency model development, BARS were established for each competency included in the model. Behavioral anchors were designed to equip graduate students and faculty advisors with a shared mental model of performance in each professional competency. Behavioral anchors for each competency were determined based on the experience of the faculty members and researchers involved in the project. Once the scales were determined, the BARS were tested for validity using a Q-Sort test with a small test group (n=13) that consisted of graduate students and faculty members from several departments. This study group also included members that had no role in the development of the competency model or behavioral anchors.
As an example of the rating results, the responses for Oral Communication are given in Table 3 and Table 4 . As a first check on the validity of the competency definition, each participant was asked to identify the competency based only on the bulleted description given in Table 2 . The results of this survey for Oral Communication is given in Table 4 . Out of the competencies defined here, Cultural Adaptability, Planning, Problem-solving, and Creativity were most commonly misidentified by respondents. Misidentification was generally in the form of swapping labels among the overlapping competencies. This response was expected based on the content overlap in many of these competencies.
For the behavioral anchors, respondents were able to correctly identify the anchors associated with the lowest and highest performing categories. In addition to accurately identifying the highest and lowest anchors, intermediate anchors were generally identified in the correct order.
When there was an incorrect order, respondents were normally off by one ranking (e.g. 3 vs 4 for example). This result tends to indicate that the anchors were robust and accurately captured the expected progression of achievement in each competency. Based on these results, we propose that this rating scale is appropriate for use in professional development programs intended for engineering graduate students.
The complete list of competencies and BARS is provided in Appendix A. These competencies and BARS are expected to provide guidance when performing assessments of graduate student development levels and progression. By incorporating a direct assessment of students alongside the traditional technical assessments, graduate students can receive feedback on all aspects of their performance. The goal of the pilot program is to combine structured guidance on professional development with consistent and useful feedback. In this manner, graduate students can become proficient at identifying areas of weakness and developing action plans for improving performance in those areas. Other researchers and educators could use this work as starting point to adapt the competencies and BARS to their unique program needed and goals.
Conclusions
A competency model based on existing work in development coaching has been proposed for use in the professional development of engineering graduate students. Informal feedback solicitation from stakeholders, including industry and academic representatives, indicated that the initial competency list was appropriate for a variety of final job destinations for graduate engineering students. In addition to the assessment of the competencies and the definitions, a set of behavioral anchors were also constructed to aid in ranking graduate student performance levels. These anchors were tested for rank order validity using a Q-sort approach. For the current anchors, respondents were able to clearly identify the extremes of performance, but had some difficulty discriminating between the middle levels.
Conflict Management
• Uses effective strategies for dealing with conflict • Recognizes and openly addresses conflict appropriately
• Attempts to reach resolutions but isn't always effective in doing so • Tries to resolve conflicts by giving in to others and trying to please everyone Examples include:
• Can frequently achieve a solution to a conflict • Is usually able to resolve conflicts in a way that maintains positive and constructive relationships among everyone
Area of Strength 7 8 9 Examples include:
• Recognizes conflicts and openly addresses them with the parties involved • Can maintain positive relationships with others while working to resolve a conflict Examples include:
• Recognizes conflicts at the earliest stages and is proactive in addressing them • Is nearly always able to reach an effective resolution while maintaining positive working relationships with everyone, regardless of the situation
Creativity
• Develops and encourages novel ideas or solutions to problems and suggests innovative ways to approach the task at hand • Acquires information from multiple sources and uses it to develop a clear perspective on an issue or topic • Anticipates future trends correctly and can assess the likelihood and credibility of possibilities 
